The working precisions of the 5.0-ml-capacity Cornwall, the LKB 2075, and the Micromedic model 25000 dispensers were compared, and the bias of the LKB dispenser was contrasted with that of the Micromedic dispenser. Three The assessment of a dispenser's precision and bias can be critical when large batches of microbiological reference materials are being prepared. For example, in a large production run, unsuspected variation in the target amount of liquid dispensed into each of 10,000 bottles to be freeze-dried could lead to the false conclusion that the freeze-dryer rather than the dispenser caused the lack of uniformity.
The production of large batches of microbiological liquid reference materials necessitates the use of semiautomatic or automatic dispensers with rapid delivery rates, high precision, and little bias. Although investigators such as Robinson and Johnson (1) have reported on the accuracy and precision of semiautomatic pipettes, very few have reported results of statistical comparative studies of automatic pipettes.
The assessment of a dispenser's precision and bias can be critical when large batches of microbiological reference materials are being prepared. For example, in a large production run, unsuspected variation in the target amount of liquid dispensed into each of 10,000 bottles to be freeze-dried could lead to the false conclusion that the freeze-dryer rather than the dispenser caused the lack of uniformity.
The objectives of this study were to: (i) compare the working precisions of the Cornwall, LKB 2075, and Micromedic model 25000 dispensers in delivering 1.0 ml, (ii) compare the bias of the LKB dispenser with that of the Micromedic dispenser in delivering 1.0 ml, and (iii) assess the practicality of routinely using the LKB dispenser or the Micromedic dispenser in the laboratory for dispensing production lots of biological reference materials.
MATERIALS AND METHODS
Dispensing solution. Twenty-one percent sucrose solution at 23°C was used as the dispensing solution because it has approximately the same viscosity as serum, which is often dispensed as a biological product. During dispensing, the temperature of the sucrose solution was maintained by using a water bath cooled by immersed cooling coils that circulated refrigerated ethylene glycol. The temperature of the solution being dispensed was checked periodically and adjusted to 23°C when necessary throughout the dispensing operation.
Since we had to know the density of the solution to calculate the mean volumes dispensed, we checked the sucrose concentration by using a Bausch & Lomb Abbey refractometer before converting the mean weights to milliliters. Design of the study. As shown in Fig. 1 , the Micromedic model 25000, the 5.0-ml-capacity Cornwall, and the LKB 2075 were used in the study. The same amount of sucrose solution was dispensed by three technicians under similar conditions. Each technician used the same six Cornwall dispensers on different days within the same week. Table 1 show that with the LKB dispenser, four pumps labeled j, k, 1, and m were used equally for a single dispensing operation on the dispensing site of each of three LKB dispensers labeled A, B, and C. Figure 3 and Table 2 describe the use of the Micromedic dispensers. In this case, six pumps were tested by assigning two pumps to each of three dispensers. Each pair of pumps a' and a2, b' and b2, and cl and c2 were interchanged on the left and right pump sites of the assigned Micromedic dispenser (A, B, or C).
A summary of the dispensers and bottles used is shown in 
a A total of 180 bottles dispensed per pump.
precision in delivering the mean weight. In Table  4 , the overall mean weights of the volumes dispensed with each dispenser, the composite standard deviations (SDs), the composite coefficients of variation (CVs), and the significance or insignificance of differences among technicians, dispensers, and pumps are shown. The composite SD is interpreted for the Cornwall dispenser as follows. Suppose that 1 ml of sucrose were dispensed with a randomly chosen Cornwall unit and that this procedure were repeated a large number of times. A specific mean value of the weights of dispensed sucrose could VOL. 34, 1977 be calculated. Dis- volume of 0.00648 ml below 1.0 ml. The left pump sites of the Micromedic dispenser yielded a mean volume of only 0.00210 ml below 1.0 ml, whereas the right pump sites yielded a mean volume of 0.01087 below the target amount.
Comparing the practicality and ease of using the LKB and the Micromedic dispensers, we found that the LKB was much easier to set up and operate. Unless the pipette tip for the LKB was held in the proper position inside the vial, however, the velocity of the delivery caused spattering. Furthermore, the Micromedic dispenser tubing was more rigid and, therefore, not as easy to handle while dispensing.
Although both automatic pipettes with certain attachments have sampling and dilution operation capabilities, we tested only the dispensing operation.
In summary, we found that the LKB was approximately 30% more precise than the Micromedic dispenser, which was approximately four times as precise as the Cornwall dispenser. The Micromedic left site was three times as precise as the right one. Overall, the LKB was more accurate (more precise and less biased) than the Micromedic, although the left site of the Micromedic was slightly more accurate than the LKB. Perhaps mechanical adjustments other than routine maintenance for the right pump site of the Micromedic dispensers could alleviate the discrepancy between the precision of the two pump sites.
In conclusion, results obtained under the conditions of our study indicate that overall the accuracy of the LKB dispenser is better than that of the Micromedic dispenser, and for our purposes the LKB is much easier to maintain and operate on a routine basis. 
